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[57] ABSTRACT 

A coaxial resonant slot antenna having a novel structure is 
provided to further reduce the dimensions of radio terminals 
incorporating such an antenna. Also provided are a novel 
method of fabricating such a coaxial resonant slot antenna 
and a radio terminal having a novel structure using such a 
coaxial resonant slot antenna. An entire strip conductor is 
arranged inside a ?at conductive cubic such that the strip 
conductor is insulated from the conductive cubic. A connec 
tion point betWeen the strip conductor and a radio frequency 
transmission line is provided at a position about 1A1 of 
Wavelength aWay from one end of the strip conductor. Aslot 
is shaped into a narroW rectangle, a generally upside-doWn 
“U”, or a generally upside-doWn “U” having another slot on 
each end. It is desired that the center slot crosses the strip 
conductor along the length thereof and in the height direc 
tion thereof, the distance betWeen the ends being equivalent 
to about 1/2 of Wavelength used. The radio terminal has a 
plurality of antennas associated With the present invention 
arranged on a plurality of surfaces and provides a connection 
mechanism for varying the number of antennas to be used in 
the talk mode and the standby mode. 

20 Claims, 17 Drawing Sheets 
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COAXIAL RESONANT SLOT ANTENNA, A 
METHOD OF MANUFACTURING THEREOF, 

AND A RADIO TERMINAL 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to an antenna suitable for 

use in a radio terminal and, more particularly, to a slot 
antenna using a coaxial cavity, a method of manufacturing 
such a slot antenna, and a radio terminal incorporating such 
a slot antenna. 

(2) Description of the Prior Art 
In radio terminals such as a personal handy phone system 

(PHS), the antenna of built-in type is increasingly used to 
enhance portability. Conventional antennas that can be built 
in radio terminals include the inverted F antenna such as 
disclosed in Japanese Patent Laid-open (Kokai) No. Hei 
6-177629 and the microstrip antenna such as disclosed in 
Japanese Patent Laid-open (Kokai) No. Hei 5-327331. 
HoWever, to allocate an enough band, it is required to make 
the dimensions of an antenna large, thereby making it 
dif?cult to build the antenna in a small-siZed radio terminal. 
Besides, even if the antenna can be built in the radio 
terminal, an induced current is generated on the casing of the 
radio terminal by the radiation of electromagnetic Wave 
emitted from the antenna, part of the generated induced 
current ?oWing in the operator’s hand. 

To solve such problems, a slot antenna using a coaxial 
cavity that operates in the TEM (Transverse 
Electromagnetic) mode Was proposed (refer to Japanese 
Patent Laid-open (Kokai) No. Hei 5-14047 for example). 
Such a prior-art coaxial resonant slot antenna is shoWn in 
FIGS. 27A and 27B. FIG. 27A is a perspective vieW of the 
conventional antenna While FIG. 27B is a cross section 
along line 27B—27B of FIG. 27A. In the prior-art coaxial 
resonant slot antenna, a long strip conductor 53 is arranged 
along the resonant axis in the inner space of a conductive 
cubic 51 Which is a rectangular prism in its entirety. Both 
ends 57 of the strip conductor are ?xed on side Walls 54 of 
the conductive cubic 51 in an electrically contact manner 
(refer to the cross section of FIG. 27B). The conductive 
cubic 51 is formed on one surface (an electromagnetic Wave 
radiation surface) thereof With a slot 52 Which crosses one 
end of the strip conductor 53. Further, an additional con 
ductor 55 of center conductor of coaxial line is arranged 
along the length (the resonant axis) of the strip conductor 53 
on an inner Wall of the conductive cubic 51 at the other end 
of the strip conductor 53. It should be note that the conduc 
tive cubic 51 is maintained at ground potential by an outer 
conductor 56. 

The conductive cubic 51 and the strip conductor 53 form, 
in cooperation, a coaxial resonant circuit in the TEM mode. 
Therefore, an electromagnetic Wave (a transmission signal) 
supplied into the conductive cubic 51 via the additional 
conductor 55 progresses along the strip conductor 53 to be 
radiated into outside space via the slot 52. On the other hand, 
an electromagnetic Wave (a receiving signal) entered in the 
conductive cubic 51 via the slot 55 from outside space 
progresses in the opposite direction along the strip conductor 
53 to be picked up by the additional conductor 55. 

Because the conventional coaxial resonant slot antenna 
has the strip conductor 53 With both ends 57 thereof elec 
trically connected to the conductor cubic 51, it is necessary 
to set the total length of the antenna to 1/2 of a Wavelength in 
use. Only When this setting is made, a value obtained by 
doubling the length of the conductive cubic 51 (or the length 
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2 
of the strip conductor 53) provides a resonant Wavelength in 
the TEM mode, so that the intensity of electric ?eld 
(amplitude) of the electromagnetic Wave progressing 
through the conductive cubic becomes Zero at the both ends 
57 of the strip conductor 53 and reaches a maximum level 
at the center of the strip conductor 53. This denotes that it is 
impossible in principle to build the conventional coaxial 
resonant slot antenna in a radio terminal of Which length 
along resonant axis is equivalent to less than 1/2 of Wave 
length in use. For example, at a frequency of 1.9 GHZ used 
in the PHS, the 1/2 Wavelength is about 80 mm, thus making 
it impossible to reduce the dimensions of radio terminals 
using such a frequency to less than 80 mm. In other Words, 
if the conventional coaxial resonant slot antenna shoWn in 
FIG. 27 is built in a radio terminal, the dimensions of such 
a radio terminal cannot be reduced to less than 1/2 of the 
Wavelength used. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a coaxial resonant slot antenna having a novel constitution 
Which solves the above-mentioned problems and contributes 
to further reduction in the dimensions of the radio terminal 
incorporated With this antenna. Another object of the present 
invention is to provide a novel method of manufacturing the 
coaxial resonant slot antenna according to the present inven 
tion and a radio terminal having a novel constitution incor 
porated With the coaxial resonant slot antenna according to 
the present invention. 
The above-mentioned problems can be effectively solved 

by arranging an entire strip conductor in the inner space of 
a conductive cubic in a manner in Which the strip conductor 
is electrically insulated from the conductive cubic and an 
electric connection point betWeen the strip conductor and a 
radio frequency signal transmission line is provided at a 
position equivalent to about 1A Wavelength of a Wavelength 
used from one end of the strip conductor. It is necessary to 
provide insulation betWeen the strip conductor and the 
conductive cubic by appropriate means. Generally, it is 
desirable to support the strip conductor by ?lling the inner 
space of the ?at conductive cubic With an insulation mate 
rial. For the insulator to be ?lled inside the inner space of the 
conductive cubic, a polymer having an appropriate permit 
tivity (for example, a permittivity generally the same as that 
of outside space) may be used. In order to obtain good 
resonance characteristics and reduce the dimensions of the 
antenna, a dielectric material (for example, ceramics) having 
a high permittivity and good high frequency characteristics 
is used. Alternatively, it is desired to use a polymer con 
taining a magnetic material in an appropriate ratio or a 
magnetic material (for example, a magnetic oxide insulator) 
having good insulation (a loW conductivity). Then, the 
dimensions of the antenna may be reduced approximately to 
values obtained by dividing the Wavelength by square root 
of permittivity or magnetic permeability. 
The coaxial resonant slot antenna according to the present 

invention can be easily manufactured by arranging a strip 
conductor inside inner space of a conductive cubic consti 
tuted forming a metal plate into a holloW rectangular prism. 
In mass production, hoWever, as Will be described later 
speci?cally, it is desired to manufacture the coaxial resonant 
slot antenna according to the present invention such that tWo 
layers of planar insulators are used, the ?rst metallic ?lm is 
formed on the front surface of the upper planar insulation, 
the second metallic ?lm is formed on the rear surface of the 
loWer metallic ?lm, a slot is formed on at least one of the 
?rst and second metallic ?lms, the third metallic ?lm is 
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formed between the upper and loWer planar insulators, and 
a plurality of metalliZed through-holes are formed through 
the peripheries of the upper and loWer planar insulators. In 
this case, the conductive cubic is constituted by the ?rst and 
second metallic ?lms and the plurality of metalliZed 
through-holes and the strip conductor is formed by the third 
metallic ?lm. 

In the above-mentioned coaxial resonant slot antenna 
according to the invention, a coaxial line With the conductive 
cubic being an outer conductor and the strip conductor being 
an inner conductor is formed. When a signal is supplied from 
the connection point to the strip conductor, the electromag 
netic Wave propagates along the length of the strip conductor 
in the TEM mode. In this Way, the resonance of 1A wave 
length can be generated When the signal is the Wavelength in 
use such that the intensity of electric ?eld reaches the 
maximum level at one end of the strip conductor and the 
minimum level at the connection point. By the electromag 
netic Wave that formed the resonance, the electromagnetic 
Wave is radiated from the slot to the outside space. 
When the antenna according to the invention is used for 

a receiving antenna, the electromagnetic Wave that Was 
absorbed from the slot and has progressed through the 
conductive cubic to the connection point While forming the 
resonance is picked up by the connection point. 

It should be noted that the cubic space containing the strip 
conductor that extends from the connection point on the strip 
conductor to the end opposite to the above-mentioned end 
may be used as a stub (a matching circuit) of a type as 
required. By varying the length from the opposite end to the 
connection point, the impedance matching of the coaxial 
cavity can be adjusted to realiZe a good impedance matching 
condition. The adjustment is made by a degree in Which the 
impedance is corrected slightly, so that its length is generally 
very short as compared With 1A of the Wavelength in use. 
Consequently, the depth of the conductive cubic can be set 
only slightly beyond the 1A1 Wavelength, thereby reducing the 
dimensions of the antenna to about a half of those of the 
conventional antenna Which are equivalent to the 1/2 Wave 
length. 

Further, When the slot is arranged such that it crosses the 
progressive direction of electromagnetic Wave, the electro 
magnetic Wave of the TEM mode that propagates inside the 
conductive cubic is intensely radiated from the slot and the 
electromagnetic Wave in the outside space is absorbed in the 
slot. Especially, When the total length of the slot is near 1/2 
of the Wavelength in use, the electromagnetic Waves in the 
inner and outer spaces connect With the slot strongly. If the 
slot is bent halfWay, its total length (the length of the slot 
straightened) determines the ef?ciency. Therefore, by bend 
ing the slot, the Width of the cubic (the dimension relative to 
the length of the front surface of the cubic) can be reduced, 
Which Will be described later. Actually, the Width of the 
cubic can be selected from 1A1 to 1/8 of the Wavelength in use. 
Thus, the Width of the conductive cubic may also be reduced 
by a half to 1A as required, Which is equivalent to 1/2 of the 
Wavelength conventionally. 

Moreover, the above-mentioned novel manufacturing 
method may be applied such that the coaxial resonant slot 
antenna according to the present invention is embedded in a 
multilayer circuit board mounted With radio frequency com 
ponents in a radio terminal, thereby reducing the cost and 
siZe of the radio terminal. 

The foregoing and other objects, advantages, manner of 
operation and novel features of the present invention Will be 
understood from the folloWing detailed description When 
read in connection With the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective vieW illustrating the coaxial 
resonant slot antenna practiced as a ?rst preferred embodi 
ment of the present invention; 

FIG. 1B is a cross section illustrating the coaxial resonant 
slot antenna practiced as the ?rst preferred embodiment of 
the present invention; 

FIG. 1C is another cross section illustrating the coaxial 
resonant slot antenna practiced as the ?rst preferred embodi 
ment of the present invention; 

FIG. 2 is a top vieW illustrating the coaxial resonant slot 
antenna practiced as a second preferred embodiment of the 
present invention; 

FIG. 3 is another top vieW illustrating the coaxial resonant 
slot antenna practiced as the second preferred embodiment 
of the present invention; 

FIG. 4 is still another top vieW illustrating the coaxial 
resonant slot antenna practiced as the second preferred 
embodiment of the present invention; 

FIG. 5 is yet another top vieW illustrating the coaxial 
resonant slot antenna practiced as the second preferred 
embodiment of the present invention; 

FIG. 6 is a separate top vieW illustrating the coaxial 
resonant slot antenna practiced as the second preferred 
embodiment of the present invention; 

FIG. 7A is a top vieW illustrating a slot structure of the 
coaxial resonant slot antenna of FIG. 3; 

FIG. 7B is a graph describing an electric ?eld pattern of 
the coaxial resonant slot antenna of FIG. 3; 

FIG. 8 is a graph describing radiation characteristics 
(pattern) of the coaxial resonant slot antenna of FIG. 5; 

FIG. 9 is a top vieW illustrating the coaxial resonant slot 
antenna practiced as a third preferred embodiment of the 
present invention; 

FIG. 10A is a perspective vieW illustrating the coaxial 
resonant slot antenna practiced as a fourth preferred embodi 
ment of the present invention; 

FIG. 10B is a cross section illustrating the coaxial reso 
nant slot antenna practiced as the fourth preferred embodi 
ment of the present invention; 

FIG. 10C is another cross section illustrating the coaxial 
resonant slot antenna practiced as the fourth preferred 
embodiment of the present invention; 

FIG. 11A is a perspective vieW illustrating the coaxial 
resonant slot antenna practiced as a ?fth preferred embodi 
ment of the present invention; 

FIG. 11B is a cross section illustrating the coaxial reso 
nant slot antenna practiced as the ?fth preferred embodiment 
of the present invention; 

FIG. 11C is another cross section illustrating the coaxial 
resonant slot antenna practiced as a ?fth preferred embodi 
ment of the present invention; 

FIG. 12A is a perspective vieW illustrating a method of 
fabricating the coaxial resonant slot antenna practiced as a 
?rst preferred embodiment of the present invention; 

FIG. 12B is another perspective vieW illustrating the 
method of fabricating the coaxial resonant slot antenna 
practiced as the ?rst preferred embodiment of the present 
invention; 

FIG. 12C is still another perspective vieW illustrating the 
method of fabricating the coaxial resonant slot antenna 
practiced as the ?rst preferred embodiment of the present 
invention; 




















